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STUDIES  UPON  EXPERIMENTAL  PNEUMONIA  IN 
RABBITS. 
VII.  THE  PRODUCTION OF  LOBAR PNEUMONIA.* 
BY t3. S.  KLINE,  M:D., AND M.  C. WINTERNITZ, M.D. 
(From the Department of Pathology of Johns Hopkins  University, Baltimore.) 
In a previous paper the production of pneumonia in rabbits by the 
Meltzer method of intratracheal  inoculation was reported  (I).  The 
results  by this  method  have not  been  constant  in  the  hands  of  all 
observers  (2).  An  investigation  of the details  of the method  was 
undertaken  with  the  hope  of  determining  the  causes  of  this  in- 
consistency. 
During the past two years a  series of animals  has been inoculated 
intratracheally  with pneumococci, but not all the animals  developed 
lobar  pneumonia.  The  only  factors  which  may  have  varied  were 
the  force  with  which  the  culture  was  injected  into  the  respiratory 
tract  and  the distance to which the catheter was inserted. 
A  series of experiments was done to determine  the importance  of 
these variables.  The  force with which the culture was injected was 
readily controlled.  In all  cases a  Record syringe was used contain- 
ing  five to  six  cubic centimeters  of  culture  fluid  and  about  fifteen 
cubic centimeters  of air.  In the animals  in which it was desired to 
inject  the  culture  with  great  force,  the  piston  of  the  syringe  was 
pushed  in as  rapidly as possible.  In  those in  which  it  was  desired 
to inject with little force, the piston was pushed in very slowly. 
In half  the animals  the catheter was  inserted  deeply in'to  a  bron- 
chus.  In the remainder  it was pushed into the trachea  just a  short 
way beyond the larynx.  The results are recorded in table I. 
Discussion  of  Table  /.--From  table  I  it  appears  that,  in  order 
to produce  lobar pneumonia  in  rabbits,  it  is  necessary to  introduce 
the organisms  into  the deeper portions  of the  respiratory  tract,  and 
probably  into  the  air  sacs  themselves.  This  can  be  accomplished 
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TABLE  I. 
Position of catheter, 
Animal 
No. 
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Summary  of  Table  /.--Table I  may  be  summarized  as  follows:  In  the  first 
five  animals  the  culture  was  gently  injected  into  the  trachea  just  beyond  the 
larynx.  At the end 0f three days  the animals  seemed normal,  but  were killed to 
see what  changes  were  present  in  the  respiratory  tract.  None  of  them  showed 
lobar pneumonia,  and  only two  showed a  minute patch  of bronchopneumonia. 
In  the  second  five animals  the  culture  was  forcibly injected  into  the  trachea 
just beyond the larynx.  One of these animals  died at the end of forty-one hours 
and  showed  a  smalI  area  of  consolidation  in  the  right  middle  lobe.  The  other 
four  animals  were  in  good  condition  at  the  end  of  three  days,  when  they  were 
killed,  In  none  of  them  was  there  any  evidence  of  either  lobar  or  lobular 
pneumonia. 
In  the  third  five  animals  the  culture  was  gently  injected  as  far  down  one 
bronchus  as the catheter could be inserted.  Two of these  animals  died in  forty- 
two  and  forty-five  hours,  respectively,  and  both  showed  lobar  consolidation. 
The other three animals  were killed at  the end of three  days.  Two of these had 
lobar pneumonia  while the third  had  patchy bronehopneumonia. 
In  the  last  five  animals  the  culture  was  forcibly  injected  as  far  down  one 
bronchus  as  the  catheter  could  be  inserted.  All  these  animals  died  in  from 
twenty to  forty-six hours.  They all showed  lobar  consolidation. 
only by the insertion of the catheter as  deeply into the bronchi as 
possible.  Even  under  these  conditions, unless  the  culture fluid  is 
injected  with considerable  force,  lobar  pneumonia will  not  neces- 
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sages with the catheter just beyond the larynx, the lungs are rarely 
affected. 
This  suggests that  there  may be  some protective mechanism in 
the  upper  respiratory  tract  whereby  the  organisms  are  prevented 
from  reaching  the  alveoli;  and  in  man,  also,  the  development of 
pneumonia may be  associated  with the imperfect functionating of 
such a mechanism. 
During recent years there has been some evidence that pneumonia 
is a  contagion; but while there can be no doubt that this is true at 
times, it is not apparent in the vast majority of cases.  It is gener- 
ally believed that pneumonia does not develop from infection from 
without, but that the organisms dwelling upon the mucous membrane 
of the upper respiratory tract are the cause of the disease.  There 
is no question that if 'these organisms of the upper respiratory tract 
reach the alveoli of the lungs in sufficient numbers they will produce 
pneumonia, just as many other organisms, regardless of their viru- 
lence, when experimentally introduced into the alveoli, will produce 
pneumonia (3). 
We have no conclusive evidence in support of the theory that the 
organisms normally present in the mouth and upper respiratory pas- 
sages  are  the  cause  of  pneumonia in man, but,  granting this,  the 
terms  lowered  resistance  and  predisposition  to  this  disease  must 
mean a disturbance of the protective mechanism of the upper respir- 
atory tract. 
This  is  clearly demonstrated in the experiments noted above,  in 
which animals receiving considerable numbers of pneumococci in the 
trachea,  jus't beyond the larynx,  get rid of them without suffering 
appreciable involvement of the lungs ; whereas those animals in which 
the same number of similar organisms has been introduced into the 
air sacs invariably develop lobar pneumonia. 
A  series  of  experiments  was  undertaken  to  determine  the  im- 
portance of  such  secondary  factors  in  the etiology of  pneumonia, 
as alcohol, cold, inhalation of ether and bromine, and the control of 
the vagus upon the upper air passages. 
EFFECT  OF ALCOHOL  AND  COLD. 
Seven animals were given from 20  to 40  c.c.  of 3o  per cent. alcohol daily  for 
from  one  to  nine  days  by  stomach  tube,  according to  the  method  of  Frieden- B.  S.  Kline  and  M.  C.  Winternitz.  307 
wald  (4).  Each  day,  following the  administration  of  alcohol, the animals  were 
placed  in a  cool chamber  at  about  4 °  C.  for  a  few  hours.  One  of  the  animals 
so  treated  for  three  days  was  killed  and  showed  patchy  congestion  in  various 
lobes.  Four  others  died after  they had  been  given alcohol and  exposed  to  cold. 
Two  of  these  had  intense  laryngitis,  tracheitis,  and  bronchitis,  and  the  fourth 
showed  scattered  patches  of  bronchopneumonia.  In  each  of  the  two  remaining 
animals  1.5  c.c,  of  a  twenty-four  hour  culture  of  pneumoeocci  were  gently  in- 
jected  into the trachea just  beyond the larynx,  after the  animals  had  been given 
alcohol  and  exposed  to  cold  on  nine  consecutive  days.  Death  followed  in  two 
and three days, respectively.  One animal showed uniform congestion of all lobes 
with intense  laryngitis,  traeheitis,  and  bronchitis.  The  other  showed  a  patch  of 
bronchopneumonia  involving about  one-twel'fth  of  the  left  lobe,  together  with 
injection of the larynx, trachea, and bronchi. 
EFFECT  oF  ETHER. 
Five animals  were  anesthetized  with  ether  and  then  5  c.c.  of  a  twenty-four 
hour  culture  of  pneumococci  in  pig  serum  broth  were  gently  injected  into  the 
trachea  of  each  with  the  catheter  inserted  just  beyond  the  larynx.  The  ether 
anesthesia  was  continued.  Two of the animals  died  after  one  half  hour's  inha- 
lation,  and  each  showed  moderate  congestion  of  all  lobes.  In  the  remaining 
three the anesthesia  was  continued  for  one hour.  At  the  end  of three  days  the 
animals were killed.  One  showed a  purulent  and  fibrinopurulent  pleurisy  on the 
right  side.  The  two  remaining  animals  showed  patchy  consolidation  of the  left 
lower lobe. 
EFFECT OF BROMINE INHALATION. 
Eight  animals  were  subjected  to  bromine  fumes  one  hour  daily  for  three  to 
ten  days.  After  each  exposure  the  mucous  membrane  of  the  nose  and  mouth• 
was  found  injected,  slightly swollen,  and  covered with a  thin,  watery  exudate. 
In  three  of  these  animals  5  c.c.  of  a  culture  of  pneumococci  in  pig  serum 
broth  were  gently  injected  into  the  trachea  beyond  the  larynx  just  before  the 
last bromine exposure.  At the end of  forty-eight hours  the animals  were killed. 
Two  showed  injection  of  the  larynx,  trachea,  and  bronchi.  The  third  showed 
acute  laryngitis,  tracheitis,  and  bronchitis,  and  a  few  small  patches  of  broncho- 
pneumonia in both lungs. 
In  three  of the  remaining  animals  5  c.c.  of  a  culture  of  pneumococci  in  pig 
serum broth  were gently injected into  the trachea beyond  the larynx a  few min- 
utes  after the  last bromine  exposure.  These  animals  were  sacrificed at  the  end 
of  forty-eight hours.  One  of them  showed injection of  the trachea;  the  others 
showed  injection of the larynx and  trachea  and  a  few  small  patches  of consoli- 
dation  in two lobes. 
•  The two remaining animals in the series were given no pneumococei, but were 
killed  forty-eight hours  after the last  bromine  exposure.  One  showed  a  diffuse 
injection of the larynx, trachea, and  bronchi;  the other showed  marked  injection 
of the larynx, trachea,  and large and  small bronchi,  with  extensive hemorrhages 
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The  results  of  the  experiments  to  determine  the  influence  of 
alcohol and cold and the inhalation of ether and bromine in the etiol- 
ogy of lobar pneumonia are not conclusive.  These factors seem to 
predispose  toward  the  development of  a  bronchitis and  even bron- 
chopneumonia, both  in animals  receiving  organisms  into  the upper 
air passage,  and in animals not so treated. 
EFFECT  OF  CUTTING  ONE  VAGUS  NERVE. 
In this experiment  seven animals were  used.  In  four  about  one  inch of  the 
right vagus nerve  (midcervical portion)  was  resected,  and  two  days  later  5  c.c. 
of  a  twenty  hour  culture  of  pneumococci  were  gently  injected  into  the  trachea 
just  beyond  the  larynx.  .At  the  end  of  three  days  the  animals  were  sacrificed. 
One showed no pulmonary change whatever; one showed a  purulent and fibrino- 
purulent  pleurisy  and  mediastinitis,  but  no  involvement of  the  lungs;  the  third 
had a  small patch of  consolidation in the right lower lobe ;  and the fourth  showed 
a  patch of consolidation, lobar in type, affecting about one-sixth of the left lower 
lobe, congestion of the left upper lobe, and bilateral purulent and fibrinopurulent 
pleurisy. 
The fifth animal received 4  e.c.  of a  twenty-four hour culture of pneumococci 
in the  trachea  beyond  the  larynx  eleven and  one-half weeks  after  a  right-sided 
vagotomy.  The  rabbit  was  killed  seven  days  later  and  showed  purulent  bron- 
chitis, atelectasis of  both upper lobes, and extensive fibrinopurulent peritonitis. 
The  two  remaining animals  died  in  three  and  twenty-two  days,  respectively, 
after  simple  right-sided  vagotomy.  The  first  showed  early  lobar  consolidation 
of  the entire right,  middle,  and  left upper  lobes,  and  one-half  of  the  left  lower 
lobe.  The  other  animal  showed  lobar  consolidation  of  one-half  of  the  right 
lower  lobe  and  fibrinopurulent pleurisy,  mediastinitis, and  pericarditis. 
B. coli was obtained in pure culture  from the consolidated lung of the animal 
that  died  three  days  after  vagotomy.  In  this  connection the  results  of  cultures 
taken  from lungs of rabbits developing pneumonia spontaneously are of interest. 
The  disease  is  not of  rare  occurrence.  .A number of  the  stock  animals  as  well 
as  several  dying  in  the  country  and  brought  to  the  laboratory  for  investigation 
showed  this  lesion.  The  associated  organism  was  usually  one  of  the  intestinal 
group  (B.  coli,  B.  lactis aerogenes),  although  in  one  instance  a  pneumococcus 
was obtained in pure  culture. 
EFFECT  OF  CUTTING  BOTH  VAGI. 
Six  rabbits  were  used  for  this  experiment.  In  five  both  vagi  were  resected 
at  the  same time.  In  the sixth  the left vagus was  cut  seven days  after a  right- 
sided vagotomy.  Althouah no organisms were injected into the respiratory tract 
the  animals  died  five to  forty-eight  hours  after  both vagi  were  sectioned.  The 
two  animals  dying in five hours  showed  patchy congestion  of  all  lobes.  In  one 
there  was,  in  addition,  considerable  tracheitis  and  bronchitis.  Of  the  two  that 
died  in  ten  hours,  one  had  patches  of  congestion  in  all  lobes  and  both  showed 
bronchitis.  The  fifth  died  in  sixteen  hours  and  showed  intense  laryngitis,  tra- B.  S.  Kli~e  and  M.  C.  Winternitz.  309 
cheitis,  and bronchitis, bilateral purulent and fibrinopurulent pleurisy, and exten- 
sive congestion and early consolidation of  all  lobes,  especially  the  right  lower. 
The last animal showed  pseudolobar consolidation of  the  entire left upper lobe 
(innumerable adjoining areas of grayish red  consolidation) and congestion and 
edema of all other lobes.  This animal also had marked laryngitis, tracheitis, and 
bronchitis, and bilateral fibrinopurulent pleurisy.  In all but the last animal the 
esophagus was  found engorged with partly digested  food  and, in one instance, 
a considerable amount of this material was found in the trachea. 
These results are in accord with the findings of previous investigators.  There 
is an abundance of literature upon the relation of the vagus nerve to pneumonia, 
with  various  theories  of  explanation.  The  controversy  of  Traube  (5)  and 
Schiff  (6)  (1848-1871)  has  been followed by the  observations and conclusions 
of many others  (Vulpian (7), Piccinino (8), Bettini  (9))- 
In brief it  may be stated  that  as  long ago  as  174o Valsalva  (IO)  noted the 
occurrence of pneumonia in laboratory animals following double vagotomy. 
In 1846 Traube called attention to paralysis of the esophagus as  well as the 
larynx in  these  animals.  Contrary  to  Sehiff,  who  ascribed  the  affection  to  a 
vasomotor  disturbance following the  section,  Traube  attributed  the  disease  to 
the aspiration into the respiratory tract of saliva and food particles.  In support 
of  this  theory  his  demonstration of  the  ability to  produce  pneumonia by  the 
injection of  saliva and  food  particles  in  otherwise  untreated  animals and  the 
possibility of  averting the  disease by  completely  separating the  digestive  from 
the respiratory tract is significant. 
The above results  in  animals with both vagi  cut  reveal the im- 
portance of the control of these nerves upon the respiratory tract. 
When they are both out of function the protective mechanism of the 
upper  respiratory tract  is  no  longer operative,  and  organisms  are 
allowed to penetrate to the alveoli and there set up an inflammatory 
process. 
CONCLUSIONS. 
I.  The  production of  lobar  pneumonia in  rabbits  is  dependent 
upon the introduction of organisms into the alveoli themselves. 
2.  In order to accomplish this the catheter through which they are 
injected must be inserted as deeply into a  bronchus as possible and 
the culture fluid injected with considerable force. 
3.  Large  numl~ers  of  organisms  injected  into  the  trachea  just 
beyond the larynx set up no great changes in the lungs, even though 
the injection be forcible.  This fact suggests the presence of a pro- 
tective mechanism in the upper air passages,  which, under normal 
conditions, prevents the penetration of organisms into the lungs. 
4-  If animals be subjected to cold, alcohol, and the inhalation of 310  Experimental  Pneumonia  in  Rabbits. 
irritating  gases,  the  so  called  secondary  factors  in  the  etiology  of 
lobar pneumonia in man, then the injection  of pneumococci into the 
trachea  causes  inflammatory changes  of  the  upper  respiratory  tract 
and  occasionally pneumonia. 
5.  The  vagi  prevent  foreign  material  in  the  pharynx  and  upper 
respiratory  tract  from  reaching  the  lungs.  Section  of  one  vagus 
may be followed by pneumonia, while section of both invariably leads 
to this  result. 
6.  It is  possible  that  the  secondary  factors  mentioned  above owe 
their  action  to  their  influence  upon  the  vagus  control  of  the  upper 
respiratory tract. 
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